The central goal in muscle biophysics is to detect directly the force-generating structural changes of the acto-myosin crossbridge. The principal hypothesis to be tested is that chemical transitions in the ATP hydrolysis cycle are coupled to myosin head rotation between two or more distinct orientations on actin, but a wide range of physical techniques, including electron microscopy, have not produced compelling evidence for these distinct angles (reviewed by Thomas (1987 Thomas ( , 1993 A report by , in this issue, addresses this problem by performing time-resolved EM studies during the transient phase of isometric muscle contraction. In this impressive collaboration among the laboratories of Y. Goldman, J. Murray, and C. Franzini-Armstrong, skinned fibers were activated by laser flash photolysis of caged ATP (in the presence of calcium), rapidly frozen at welldefined millisecond time points, freezesubstituted, fixed, and examined by itored during the activation of the muscle, permitting a direct correlation between the observed structures and the development of force. In agreement with previous studies, crossbridges were triangular in shape and uniformly oriented in rigor (before photolysis) but were thinner and highly disordered in the steady state of isometric contraction (300 ms after photolysis). In the transient phase, despite the initial synchronization of the crossbridges, the transition between these two populations was direct, with no clearly defined intermnediate crossbridge shape or orientation. The most remarkable result came from the comparison of the structural and mechanical transients: the disordering transition was slower than ATP binding but more rapid than force generation. Even at 20 ms after the flash, when all of the myosin heads probably had ATP bound but very little force had been generated, many (but not all) bridges were already disordered. At 50 ms, when force development was only half complete, the disordering transition was complete. Thus disorder appears to be produced by an isomerization (i.e., a structural change within the myosin head) either following ATP binding or following ATP hydrolysis, but before the "weak-binding to strong-binding" transition that produces force.
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Although the angular disorder observed in contraction is consistent with most other steady-state EM results, this result is in apparent conflict with that of the only other rapid-freeze EM study of crossbridge structure during the transient phase of the ATPase cycle (Pollard et al., 1993 ). In the latter study, involving stopped-flow experiments on actin and myosin heads in solution, most actin-bound heads were found to be in a rigor-like orientation, whether ATP was present or not. One way to reconcile these results is to take into account the known effects of the fiber lattice. In active, isometric fibers, the predomi- X-ray diffraction and spectroscopic probes are complementary to EMalthough they can not provide direct visualization, they can be performed without fixation, and spectroscopy can provide higher orientational resolution, better quantitation of minor populations, and sensitivity to dynamics. X-ray diffraction transients, initiated either by electrical stimulation of intact muscle fibers or photolysis of caged ATP, have consistently shown major changes, attributed to crossbridge binding or structural changes, that precede force development (discussed by Hirose et al. (1993) ). EPR and optical probe results over the past decade have provided strong evidence for (a) dynamic (microsecond) rotational disorder of actin-attached myosin heads in active muscle (discussed by Thomas (1987) 
